Background: Postmenopausal osteoporosis is a common disease which can cause various morbidity and econo mic burden. Lactation is known to cause a decline in bone mineral density (BMD), but there are controversies on whether decreased BMD is fully recovered after lactation and whether lactation duration has an influence on post menopausal BMD. This study was conducted to see whether breastfeeding is associated with postmenopausal bone loss using a highly representative sample of Korean population. Methods: Retrospective cross sectional study was done using data collected from Korea National Health and Nutri tion Examination Survey V. The study outcome was BMD measured with dualenergy Xray absorptiometry and di vided into 2 groups: normal or low BMD (T score < 1), and breastfeeding duration was categorized into 4 groups (never, 1st, 2nd, and 3rd tertile). Logistic regression analysis was done to examine the association between lactation duration and BMD. Results: Among 1,694 postmenopausal women (mean age, 63.5 ± 9.1), 85.71% were in low BMD group. Compared to never breastfeeding group, postmenopausal women with longer than 79 months of breastfeeding duration are more likely to have low BMD (adjusted risk ratio [ARR] = 1.24; 95% confidence interval, 1.17 to 1.32). As the duration of breastfeeding increases, ARR and risk difference for low BMD also increases (P for trend = 0.008).
INTRODUCTION
Postmenopausal osteoporosis is an important health issue world wide. It can lead to pain, limitations in daily activity, and osteo porotic bone fractures.
1) The Korea National Health and Nutri tion Examination Survey (KNHANES) IV and V found preva lence of osteoporosis and osteopenia to be 38% and 48.7%, re spectively, in women > 50 years of age.
2) The economic cost and burden of osteoporosis is enormous. In 1990, the direct and indirect cost of hip fractures worldwide was $34.8 billion and is estimated to increase to $131.5 billion by 2050.
3) This is, therefore, an undeniably important health issue, and it is cru cial to identify and attenuate the risk factors for bone mineral density (BMD) loss in postmenopausal women. Many studies have shown pregnancy and lactation to be associated with BMD decline: About 280 to 400 mg of calcium is lost through breast milk every day, and daily losses of ≥1,000 mg have been report ed. 4, 5) By the sixth month of lactation, approximately 3% to 7% of maternal BMD has been lost; 6) in women who breastfeed for 12 months, the loss can increase to as much as 10%. 7, 8) It is gen erally known that full recovery to normal BMD is achieved with in 1 year in mothers who breastfeed for fewer than 6 months. 8) However, it is unclear whether full recovery can be achieved af ter lactation for more than 12 months or whether total lactation duration is associated with BMD later in life. Many studies have investigated the association between total lactation duration and the longterm effects on maternal BMD. 919) However, the results are conflicting. In this study, we aimed to retrospectively examine the association between total breastfeeding duration and postmenopausal BMD using data from the KNHANES V, a survey conducted from 2010 to 2012 that is highly representa tive of the Korean population.
METHODS

Study Population
Data for this retrospective crosssectional study were collected through the KNHANES V, a nationwide crosssectional survey conducted in South Korea from 2010 to 2012. Out of the 17,476 people surveyed, 7,982 men and 5,382 premenopausal women were excluded. In addition, 112 women with no childbirth his tory were excluded. Women who already had a history of os teoporosis treatment were classified as having low BMD. To ex clude any effects of secondary causes of osteoporosis, women with rheumatic arthritis, thyroid disease, or chronic renal fail ure were also excluded. After further excluding those with miss ing data, a total of 1,694 postmenopausal women were includ ed in this study (Figure 1 ).
Study Variables
BMD was measured using dualenergy Xray absorptiometry (DEXA), and the Tscores were calculated using Asia's maxi mum BMD data (Hologic Discovery; Hologic Inc., Waltham, MA, USA). Osteoporosis was defined as Tscore ≤ 2.5. Osteo penia was defined as 2.5 < Tscore < 1. The results were divid ed into two groups: normal or low BMD. Osteoporosis and os teopenia groups were categorized as low BMD, and the normal BMD group was categorized as normal BMD. Breastfeeding duration data were collected by survey and ranged from 0 to 324 months. Excluding the 105 women who did not breastfeed at all, the women were divided into four quartiles: 1-24 months, 25-44 months, 45-78 months, and > 79 months. Study partici pants were further questioned about gravidity, age at menarche and menopause, number of deliveries, number of children breastfed, calcium consumption, vitamin supplementation, hormone therapy, smoking, alcohol intake, and weekly physi cal activity. Height and weight were measured, and serum vita min D levels were measured.
Statistical Analysis
General characteristics of the study population are presented as means with standard deviations for continuous variables and numbers and percentages for categorical variables. Logis tic regression models were run to find the relationship between each breastfeeding group and BMD using the group with no breastfeeding history as a reference. Osteopenia and osteopo rosis prevalence in the longer duration breastfeeding group was much higher than in the group that had never breastfed. Therefore, instead of presenting the odds ratio, we calculated adjusted risk ratios (ARR) and adjusted risk differences after running a logit model with a binary outcome. 20) All statistical analysis was performed using STATA ver. 13.1 (Stata Co., Col lege Station, TX, USA).
RESULTS
A total of 1,694 postmenopausal women with a mean age of 63.5 ± 9.1 years (range, 44 to 93 years) and a mean body mass index (BMI) of 24.2 ± 3.2 (range, 15.3 to 43.6) were included in this study. Of these, 1,452 (85.71%) were in the low BMD group, which includes both osteopenia and osteoporosis.
The low BMD group was significantly older than the normal BMD group (64.7 ± 9.0 vs. 56.7 ± 6.3, P < 0.001). Gynecological parameters (age at menarche, gravidity, and number of deliv eries) were all significantly higher in the low BMD group (Table  1) . Daily activity, blood vitamin D level, and smoking had no significant correlation with BMD. Women with low BMD were more likely to have a lower daily calcium intake than women with normal BMD (418.9 ± 280.1 vs. 556.4 ± 410.5, P < 0.001).
Of the total study population, 105 women (6.2%) had never breastfed. As shown in Table 1 , the prevalence of low BMD ris es as the duration of breastfeeding increases. Table 2 shows the ARR, adjusted risk difference per 100 wom en, and Pvalue for trend according to breastfeeding duration using data from women who have never breastfed as a refer ence. All results were adjusted for age, BMI, age at menopause, gravidity, number of deliveries, daily calcium intake, daily ac tivity (metabolic equivalents), alcohol consumption, and smok ing. Compared to women who had never breastfed, postmeno pausal women who breastfed for > 79 months are more likely to have low BMD (ARR, 1.24; 95% confidence interval, 1.17 to 1.32). As the duration of breastfeeding increases, so does the risk for low BMD (P for trend = 0.008). According to our results, 19 out of 100 postmenopausal women who breastfed for > 79 months were likely to have lower BMD than the women who had never breastfed.
Additional analysis was conducted to assess the effect on BMD of breastfeeding duration per child. Table 3 shows the ARR, adjusted risk difference per 100 women, and Pvalue for trend according to breastfeeding duration per child. As the breast feeding duration per child increases, so do the ARR and adjust ed risk difference per 100 persons (P for trend < 0.001).
DISCUSSION
This study shows that increased total breastfeeding duration is associated with low BMD. The longer the duration of breast feeding, the higher the risk of low postmenopausal BMD. Simi lar results were seen for breastfeeding duration per child.
Many studies have shown the association between breastfee ding duration and BMD. However, the results are conflicting; some studies found no association between breastfeeding du ration and BMD later in life 912) while others show a positive 1315) or negative correlation. 1619) One study even suggested that breast feeding for > 18 months is an independent risk factor for verte bral fractures. 19) A similar crosssectional study conducted with data from 1,486 postmenopausal Turkish women 21) showed a negative correlation between breastfeeding duration and BMD, and the authors concluded that total duration of breastfeeding might be a significant risk factor for postmenopausal osteopo rosis. 21) Similarly, a study using data from 245 Iranian postmeno pausal women showed that BMD was negatively associated with breastfeeding duration. 18) In contrast, another study in Tur key with 586 postmenopausal women found that long breast feeding duration was not an independent risk factor for low BMD later in life when adjusting for multiple variables. 12) This study has its limitations in that dietary calcium intake and se rum vitamin D levels, which could affect BMD, were not con sidered in the multivariate analysis. In contrast, some studies show that breastfeeding history is associated with an increased BMD. 15) In a subgroup analysis of 296 women who breastfed and 138 women who did not, women with a history of breast feeding had higher BMD in the lumbar spine. However, this study differs from ours in that it was done with data from pre menopausal women. Additionally, physical activity and smok ing, which can affect BMD, were not considered.
Many studies have shown a negative correlation between parity and BMD. 22) In our study, the low BMD group had higher gravidity than did the normal BMD group (4.6 ± 2.3 vs. 5.2 ± 2.4, Pvalue = 0.001). Since both lactation duration and gravidity have an association with low BMD, we analyzed lactation du ration per child as a separate variable. Even after adjusting lac tation duration for gravidity, similar results were shown. The longer the duration of breastfeeding per child, the higher the risk of low postmenopausal BMD. This study's findings can be explained by the combined ef fect of PTHrelated protein (PTHrP) secretion and estrogen deficiency during lactation, which increases the mother's skel etal resorption. 4) It is known that PTHrP stimulates calcium resorption and, therefore, indirectly suppresses PTH. 5) Increas ed bone resorption can lead to BMD loss of about 3% to 10% over six months. 19) Furthermore, about 400 mg of calcium is lost through breast milk daily, which can also contribute to low BMD. 4) It is generally known that, after breastfeeding for fewer than 6 months, full recovery of BMD to normal levels is achie ved by 6 months after weaning. 23) However, as the duration of breastfeeding increases, so does the risk of impairment of post weaning BMD recovery. 23) Whether women during and after pregnancy have adequate calcium and vitamin D intake can also affect BMD later in life. 4) Our study is the first conducted with a representative Korean population to find an association between duration of breast feeding and postmenopausal BMD. The strength of our study lies in its large sample size that is highly representative of the Korean population. Additionally, we used DEXA to measure BMD, which is the standard method. This study also consid ered lifestyle factors that could affect BMD, such as daily physi cal activity, alcohol intake, and smoking, and calcium intake and vitamin D levels were also included in the multivariate analysis.
This study has a number of limitations. Because it is a retro spective crosssectional study, it was not possible to prove cau sality between breastfeeding duration and BMD. However, be cause delivery and breastfeeding usually occur in early adult life, and menopause generally occurs ≥ 10 years later, we can say the possibility of reverse causality is very low. In addition, total breastfeeding time was collected only through a survey, which could result in recall bias. Finally, further analysis to de termine whether adequate calcium and vitamin intake during the postweaning period affects BMD recovery could be per formed if information were available regarding calcium and vi tamin D intake during the postweaning period.
In conclusion, our results showed that total breastfeeding duration and average breastfeeding duration per child both are associated with low postmenopausal BMD. All pregnant wom en planning to breastfeed should be aware of the risk of decreas ed postmenopausal BMD after long periods of lactation. This suggests that adequate calcium and vitamin D intake during pregnancy and lactation may be important to lower the risk of decreased postmenopausal BMD.
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